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(54) Milling instrumentation for use in total knee arthroplasty 



(57) The milling instrumentation of this invention 
provides a milling guide connected to the femur (or ac- 
commodating a milling device. The milling instrumenta- 
tion includes an alignment guide which is used by the 
surgeon to set a femoral bracket or base on the medial 
and lateral sides of the exposed femur adjacent its distal 
end. Once the brackets are set, the alignment guide is 
removed and a milling guide is connected to the bases. 
The milling guide establishes a series of reference 
planes each including a slot. A powered milling device 
having a burr connected thereto is guided by the slots 
along the reference planes to accurately mill away a por- 
tion of the bone. The milling device includes a bobbin- 
shaped tip which positively engages the slots to ensure 
thatthe milling device is held substantially perpendicular 
to the reference planes of the milling guide. If necessary, 
other instrumentation may be connected to the femoral 
bases which would form a common connection point for 
the additional instruments thereby ensuring alignment 
between the various instruments. Optionally, a one 
piece cutting guide may be connected to the bases to 
allow resection of the bone by a standard oscillating saw 
blade. The cutting guide includes a plurality of slots such 
that all the cuts required for the femur can be made with 



one cutting guide without reorienting the guide. 
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(54) Milling instrumentation for use in total knee arthroplasty 



(57) The miliing instrumentation of this invention 
provides a milling guide (80) for use in total knee arthro- 
plasty. The milling guide is connected to an exposed end 
of a bone (1 ) for guiding a milling device (1 50) along the 
bone to mill away portions of the bone for accommoda- 



tion of an orthopaedic implant, said guide including a 
plurality of walls (82,84,86,88) positioned adjacent the 
exposed end of the bone, each of said walls including a 
slot (90,96, 1 02,1 08) for accommodating said milling de- 
vice. 
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(54) Milling instrumentation for use in total knee arthroplasty 

(57) The milling instrumentation of this invention one cutting guide without reorienting the guide, 
provides a milling guide connected to the femur for ac- 
commodating a milling device. The milling instrumenta- 
tion includes an alignment guide which is used by the 
surgeon to set a femoral bracket or base on the medial 
and lateral sides of the exposed femur adjacent its distal 
end. Once the brackets are set, the alignment guide is 
removed and a milling guide is connected to the bases. 
The milling guide establishes a series of reference 
planes each including a slot. A powered milling device 
having a burr connected thereto is guided by the slots 
along the reference planes to accurately mill away a por- 
tion of the bone. The milling device includes a bobbin- 
shaped tip which positively engages the slots to ensure 
that the milling device is held substantially perpendicular 
to the reference planes of the milling guide. If necessary, 
other instrumentation may be connected to the femoral 
bases which would form a common connection point for 
the additional instruments thereby ensuring alignment 
between the various instruments. Optionally, a one 
piece cutting guide may be connected to the bases to 
allow resection of the bone by a standard oscillating saw 
blade. The cutting guide includes a plurality of slots such 
that all the cuts required for the femur can be made with 
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Description 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of U. s 

5. patent application serial number 08/087,933 filed July 

6, 1993. 

FIELD OF THE INVENTION 

70 

[0002] This invention relates to instruments used in 
the preparation of the femur during a total knee arthro- 
plasty and has specific relevance to instrumentation 
providing for the milling of the femur while providing the 
option of resecting portions of the femur using a one 1& 
piece cutting guide. 

BACKGROUND OF THE INVENTION 

[0003] In an orthopaedic surgery to replace part or all 
of a patient's joint with a prosthetic implant, a portion of 
the implant receiving bone is prepared to closely match 
the mating surfaces of the implant. If the knee joint is 
being replaced, the distal end of the femur is prepared 
to accommodate a femoral knee component and the 
proximal end of the tibia is prepared to accommodate a 
tibial component. 

[0004] Heretofore, these surfaces were substantially 
prepared by the use of reciprocating or oscillating saw 
blades used in conjunction with a series of saw guides. 
The guides may comprise merely a platform on which 
the surgeon rests the blade during resection or may 
comprise a slot for capturing the saw blade therewithin. 
Typically, in the preparation of the femur, a series of cut- 
ting guides are placed adjacent the distal femur in a spe- 
cific order to resect portions of the femur in succession. 
These cutting guides are generally individually aligned 
by the surgeon with reference to specific anatomic land- 
marks. The use of multiple cutting guides requiring indi- 
vidual alignment by the surgeon may lead to inaccura- 
cies in the cuts which would provide a less than optimal 
fit between the bone and implant. Such saw blades com- 
monly used in the resection of bone are illustrated in U. 
S. Patents 5 : 002,555, 5, 1 33,728, and 5,1 35,533. An ex- 
ample of a typical cutting guide may be had by reference 
to U.S. Patent 5,053,037, illustrating a saw guide having 
captured slots. 

[0005] The consistency of results achieved when us- 
ing a saw blade and a series of cutting guides may vary 
widely from surgeon to surgeon. 

SUMMARY OF THE INVENTION 

[0006] The milling instrumentation of this invention 
solves the deficiencies of the prior art systems by pro- 
viding a milling guide connected to the lemurfor accom- 
modating a milling device. The milling instrumentation 
includes an alignment guide which is used by the sur- 



geon to set a lemoral bracket or base on the medial and 
lateral sides of the exposed femur adjacent its distal 
end. Once the brackets are set, the alignment guide is 
removed and a milling guide is connected to the bases. 
The milling guide establishes a series of reference 
planes each including a slot. A powered milling device 
having a burr connected thereto is guided by the slots 
along the reference planes to accurately mill away a por- 
tion of the bone. The distance between the milling de- 
vice and the distal end of the burr is relatively short, and 
the shaft of the burr is stiff to thereby eliminate any de- 
flection in the burr. Further, the milling device includes 
a bobbin-shaped tip which positively engages the slots 
to ensure that the milling device is held substantially per- 
pendicular to the reference planes of the milling guide. 
Controlling the milling device in this manner ensures an 
extremely flat milled surface for accommodating the im- 
plant. If necessary, other instrumentation may be con- 
nected to the femoral bases which would form a com- 
mon connection point for the additional instruments 
thereby ensuring alignment between the various instru- 
ments. 

[0007] Optionally, once the femoral bases are con- 
nected to the distal end of the femur, a one piece cutting 
guide may be connected to the bases to allow resection 
of the bone by a standard oscillating saw blade. The cut- 
ting guide includes a plurality of slots such that all the 
cuts required for the femur can be made with one cutting 
guide without reorienting the guide. By making all the 
cuts required without moving the guide or requiring ad- 
ditional guides, the accuracy and repeatability of the 
cuts are increased. 

[0008] Accordingly, it is an advantage of this invention 
to provide for novel milling instrumentation for preparing 
a bone surface to accommodate an orthopaedic im- 
plant. 

[0009] Another advantage of the invention is to pro- 
vide for milling instrumentation which includes an align- 
ment guide for connecting a pair of brackets to an ex- 
posed bone. 

[0010] Another advantage of the invention is to pro- 
vide for milling instrumentation which includes a milling 
guide connected to a bone for guiding a milling device 
to prepare a surface of the bone for accommodating an 
orthopaedic implant. 

[0011] Still another advantage of the invention is to 
provide for a novel milling device having a bobbin- 
shaped end for captured engagement within the slot of 
the milling guide. 

[0012] Yet another advantage of the invention is to 
provide a base for connection to sides of a bone for con- 
nection of a plurality of milling devices. 
[0013] Still another advantage of the invention is to 
provide for an instrumentation set for resecting bone 
that provides for the optional attachment of a cutting 
guide or a milling guide. 

[0014] Still another advantage of the invention is to 
provide for a one piece cutting guide. 
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[0015] Additional advantages may be understood by 
a reading of the following description taken with the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig. 1 is an elevational view illustrating the 
alignment guide of the invention inserted into the in- 
tramedullary canal of a distal end of the femur. 
[0017] Fig. 2 is a perspective view of the alignment 
guide of Fig. 1 with the Anterior-Posterior (AP) place- 
ment guide connected thereto. The brackets of femoral 
bases are removably connected to the AP placement 
guide and are illustrated removably secured to the femur 
by a plurality of screws. 

[0018] Fig. 3 illustrates the femoral bases connected 
to the femur by screws. The alignment guide and AP 
placement guide have been removed. 
[001 9] Fig. 4 is a perspective view of the femoral mill- 
ing guide attached to the femoral bases on the distal 
end of the femur. 

[0020] Fig. 5 is an elevational view of Fig. 4 with a 

milling device (partially shown) illustrated in broken lines 

to illustrate the relative position of the milling device, 

milling guide and distal femur. 

[0021] Fig. 6 is a partial cross-sectional view of the 

alignment guide of the invention. 

[0022] Fig. 7 is an exploded view ol the alignment 

guide of the invention. 

[0023] Fig. 8 is a perspective view of the AP place- 
ment guide shown in isolation and partially exploded. 
[0024] Fig. 9 is a sectional view taken along line 9-9 
of Fig. 8. 

[0025] Fig. 1 0 is a perspective view of a femoral base 
shown in isolation and exploded for illustrative purpos- 
es. 

[0026] Fig. 1 1 is an elevational view of a femoral base 
of the invention. 

[0027] Fig. 12 is a cross-sectional view taken along 
line 12-12 of Fig. 11. 

[0028] Fig. 1 3 is an enlarged partial view of a femoral 

base connected to a femoral milling guide illustrating the 

cam lock between the base and guide. 

[0029] Fig. 14 is an enlarged partial view of a femoral 

base connected to a femoral milling guide illustrating an 

alternative screw and ramp locking mechanism. 

[0030] Fig. 15 is an isolated perspective view of the 

femoral milling guide of the invention. 

[0031] Fig. 1 6 is an elevational view taken along line 

16-16 of Fig. 15. 

[0032] Fig. 1 7 is a side elevational view of the femoral 
milling guide of Figs. 15 and 16. 
[0033] Figs. 1 8 through 20 illustrate the use of the mill- 
ing device of the invention including the use of the 
plunge cut alignment sheath. 

[0034] Fig. 21 illustrates the milling of the distal femur 
using the milling guide and device of this invention with 
the debris shield in place over the milling device. 



[0035] Fig. 22 illustrates a partial perspective view of 
the milling device illustrating the bobbin-shaped end of 
the milling housing. 

[0036] Fig. 23 is a perspective view of a notch milling 
s guide which is connectable to the resected femur and 
guides a milling device for forming a notch in the distal 
femur. The notch is called for when the implant to be 
fitted to the femur includes mechanisms intended to re- 
strain motion of the knee such as in a constrained con- 
io dylar implant. 

[0037] Fig. 24 is the perspective view of Fig. 23 with 
the notch milling guide connected to the lemoral bases. 
[0038] Fig. 25 is a side elevational view illustrating the 
notch milling guide of Fig. 24 connected to a resected 
is distal end of a femur by the femoral bases. 

[0039] Fig. 26 is a perspective view of the notch mill- 
ing guide of Fig. 23 shown from the posterior side. 
[0040] Fig. 27 is a side view taken from line 27-27 of 
Fig. 23. 

20 [0041] Fig. 28 is an elevational top view of the notch 
milling guide of Fig. 24. 

[0042] Fig. 29 is a perspective view of a remilling 
guide. 

[0043] Fig. 30 is a side elevational view of the guide 
25 of Fig. 29 in contact with the resected distal lemur. 
[0044] Fig. 31 is a perspective view of the remilling 
guide in use with the AP placement guide and femoral 
bases. 

[0045] Fig. 32 is a perspective view of the femoral 
30 bases connected to the resected femur after alignment 
by the remilling guide as in Fig. 31 . 
[0046] Fig. 33 is a perspective view of a one piece 
cutting guide connected to the femoral bases of the in- 
vention. 

35 [0047] Fig. 34 is a side elevational view of Fig. 32. 
[0048] Fig. 35 is a perspective view of the one piece 
cutting guide. 

[0049] Fig. 36 is a elevational view of the one piece 
cutting guide. 

40 [0050] Fig. 37 is a side elevational view of the one 
piece cutting guide. 

[0051] To illustrate the orientation of the instruments 
shown in the drawings and herein described, a small 
compass is illustrated on many drawings demonstrating 
45 orientation of the instrument with reference to the rela- 
tive anatomical axes of the femur as are well understood 
in orthopaedics. 

DESCRIPTION OF THE PREFERRED 
50 EMBODIMENTS 

[0052] The preferred embodiments herein described 
are not intended to be exhaustive or to limit the invention 
to the precise forms disclosed. Rather, they are chosen 
55 and described to best explain the invention so that oth- 
ers skilled in the art might utilize their teachings. 
[0053] Initially, after the distal end 2 of the femur 1 is 
exposed consistent with standard surgical techniques, 
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the surgeon forms an intramedullary hole into the center 
of the distal femur in a known manner to accommodate 
an intramedullary device. The femoral intramedullary 
alignment guide 10 is inserted into the intramedullary 
hole until the platform 1 2 of the alignment guide 10 con- s 
tacts the distal condyles 3, 4 as shown. As illustrated, 
the platform 12 may be angled relative to the intramed- 
ullary rod 14 to allow the surgeon to align the platform 
1 2 perpendicular to the mechanical axis of the femur 1 . 
The method of angulating the rod relative to the platform 
is explained below. 

[0054] An Anterior-Posterior alignment guide 30 
(hereafter AP guide 30) having femoral bases 50 tem- 
porarily attached thereto is slid onto alignment guide 1 0. 
AP guide 30 includes an arm 32 which is shiftable in the 
medial-lateral direction of the femur. Arm 32 terminates 
in a posteriorly extending projection 34. The surgeon ad- 
justs arm 32 such that projection 34 is in contact with 
the highest anterior point of the anterior femoral con- 
dyle. The AP guide 30 is shiftable in an anterior-poste- 
rior direction relative to alignment guide 10 and the fe- 
mur for proper positioning of arm 32 as explained above. 
Once the surgeon is satisfied with position of AP guide 
30, a plurality of tapered bone screws 70 are inserted 
through openings 54 in femoral bases 50 as illustrated 
to secure the bases to the medial and lateral sides of 
the femur. Once the bases 50 are secured to the femur, 
the AP guide 30 and alignment guide 10 may be re- 
moved by disengaging locking mechanisms 52 thereby 
freeing the AP guide. Alignment guide 10 and AP guide 
30 are removed leaving only bases 50 connected to fe- 
mur 1 as illustrated in Fig. 3. The specific design and 
operation of the locking mechanisms 52 of femoral bas- 
es 50 is described later in the specification with refer- 
ence being had to figures 10 through 14. 
[0055] Afterthe AP alignment guide 30 and alignment 
guide 10 are removed, a generally C-shaped femoral 
milling guide 80 (see Figs. 4 and 5) is placed onto bases 
50 and secured thereto by locking mechanisms 52. Fig- 
ures 4 and 5 illustrate the milling guide 80 in its environ- 
ment connected to femoral bases 50 and the femur 1 . 
Figures 15 through 17 illustrate the milling guide alone 
so that its design might be more clearly understood. Mill- 
ing guide 80 is shaped so as to form a plurality of gen- 
erally flat walls lying in a like plurality of planes which 
are identified relative to the femoral surfaces to be 
milled. Guide 80 includes a femoral anterior wall 82, an 
anterior chamfered wall 84, a distal wall B6 and a pos- 
terior chamfered wall 88 each having upper and lower 
surfaces as illustrated in figures 4, 5 and 1 5-1 7. Anterior 
wall 82 includes a pair of generally parallel slots 90 con- 
figured as shown for accommodating and guiding a mill- 
ing device along the anterior surface of the femur for 
milling the anterior femoral condyle 4 of femur 1 . An ar- 
cuate opening 92 is formed in one slot 90, as illustrated, 
which places slots 90 in communication with one anoth- 
er as illustrated. A pair of through bores 94 are formed 
on opposite sides of arcuate opening 92. Anterior cham- 



fer wall 84 includes a slot 96 having facing arcuate in- 
terruptions 98 formed in the side walls of the slot 96 as 
illustrated. Slot 96 is formed to accommodate and guide 
a milling device along the femur 1 to form an anterior 
chamfer surface 6 on the femur (see Fig. 5). A through- 
bore 100 is formed adjacent each arcuate interruption 
98. Distal wall 86 includes a slot 102 having facing ar- 
cuate interruptions 104 formed in the side walls of the 
slot 102. Slot 102 is formed to accommodate and guide 
a milling device along the femur to form a prepared distal 
surface 8 on the femur (see Fig. 5). A throughbore is 
formed adjacent each arcuate interruption 104. Poste- 
rior chamfer wall 88 includes a slot 108 having an arcu- 
ate projection 110 formed in the anterior most side wall 
of the slot as illustrated best in Fig. 16. A generally L- 
shaped support 112 is rotatably connected to the pos- 
terior surface of the anterior femoral wall 82 by a screw 
114 passing through the foot of the support. The leg of 
the support extends away from the anterior femoral wall 
82 and is configured to contact the anterior cortex of fe- 
mur 1 just proximal to the anterior condyles 4. A slot 1 1 6 
is cut into the foot of the support to create a spring out 
of the foot. In use, the surgeon rotates the support about 
screw 1 1 4 until the distal tip of the leg contacts the high- 
est point on the anterior cortex ol the femur adjacent the 
anterior condyles. The spring formed from the foot pro- 
vides sufficient spring effect to allow the support to be 
placed into position with a degree of force thereby pro- 
viding additional stability to the anterior condyle wall 82 
of milling guide 80. A tab 118 extends from the media! 
and lateral sides of the anterior chamfer wall 84 in a 
plane therewith and includes an ovoid opening 120. 
Similarly, a tab 118 extends from the medial and lateral 
edges of the distal surface 86 in a plane therewith and 
includes an ovoid opening 120 therethrough. An open- 
ing 122 is formed adjacent the medial and lateral edges 
of femoral milling guide 80 between the anterior chamfer 
wall 84 and the distal wall 86. The outermost side walls 
123 of openings 122 are inclined inwardly and angled 
posteriorly so as to lorm a ramp-like structure for en- 
gagement by the locking mechanism 52 of femoral base 
50 as explained below. 

[0056] Figure 5 is provided to illustrate the relative po- 
sition of the femoral base 50 and the milling guide 80 in 
relationship to the exposed femur 1 . A milling device is 
shown in broken lines positioned at each wall 82, 84, 
86, and 88 for illustrative purposes. In use, a burr would 
extend down to the bone for shaping bone as explained 
below. In combination, the milling device as guided by 
the milling guide 80 of the invention would allow the sur- 
geon to resect, by milling, the anterior femoral condylar 
surface 4, the anterior chamfer surface 6, the distal sur- 
face 8 and the posterior chamfer surface 9 in a series 
of milling steps without changing or attaching additional 
instruments to the femur 1. The milling guide 80 pro- 
vides for the milling of the four mentioned surfaces with- 
out additional set up or guides from a single reference 
established by the femoral bases 50. 
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[0057] Alignment guide 10 is illustrated in more detail 
in figures 6 and 7. With reference to figures 6 and 7, 
alignment guide 10 includes a hollow housing 18 which 
is generally cylindrical in shape and is open at one end 
20. Housing 1 8 further includes a base 22 extending lat- s 
erally from the generally cylindrical portion of the hous- 
ing. An elongated opening 24 is formed through the 
housing as illustrated along the longitudinal dimension 
of the housing. Athroughbore 26 is formed through base 
22 in communication with opening 24 and transverse to 
thereto. External helical threads are formed on the hous- 
ing 18 adjacent its open end 20. Platform 12 includes a 
pair of legs 1 3 extending therefrom as illustrated and is 
secured to base 22 by screws. Platform 12 further in- 
cludes a spacer 11 which may be selectively attached J 5 
to the platform by screws. Platform 12 and spacer 11 
include central openings for accommodating the in- 
tramedullary rod 14 therethrough. Legs 13 define an 
opening between the platform 12 and the base 22 for 
accommodating portions of the AP alignment guide 30. 20 
[0058] A generally cylindrical cam 1 5 is provided and 
is accommodated within housing 1 8 in a close fit thereto. 
Cam 15 is longitudinally slidable within housing 18. An 
elongated opening is formed through cam 15 for align- 
ment with opening 24 of housing 18 when the cam is 
positioned within housing 18. Each longitudinal end of 
cam 1 5 is bored out with end 1 7 including internal helical 
threads. A coupler 19 having a longitudinal shaft with a 
threaded end 21 and an annular collar 23 is provided. 
Threaded end 21 is accommodated by the threaded end 
17 of cam 15 and is rotatable therewithin. Collar 23 is 
received within a counter bore formed in end 20 of hous- 
ing 18 as illustrated in Fig. 6. An end cap 27 having a 
central opening is threaded onto end 20 of housing 18 
and captures collar 23 against longitudinal movement 
relative to housing 18. Knob 16 is press fitted onto the 
non-threaded end of coupler 1 9 such that as knob 16 is 
rotated relative to the housing, coupler 19 rotates rela- 
tive to cam 15. A detent 28 is accommodated within a 
threaded through bore within knob 16 and includes a 
spring-loaded nib to engage the end face of end cap 27. 
A plurality of grooves (not shown) may be formed in the 
end face of end cap 27 for successive engagement with 
the nib to provide a positive snap feel to the knob as well 
as to indicate the relative position ol the knob. 
[0059] An intramedullary rod 14 is provided and in- 
cludes a proximal end 130 and a distal end 132. The 
proximal end includes an annular recess for accommo- 
dating a griping device for the removal of the alignment 
guide 10 from the intramedullary canal of the femur. A 
transverse through bore 134 is formed through rod 14. 
As illustrated, rod 14 is pivotally secured within the 
opening 24 and the aligned opening of cam 15 by a pin 
136. As is further illustrated, a portion of the proximal 
end 134 of the rod 14 is flattened and defines earning 
surfaces 138. 

[0060] In use, the surgeon varies the angle between 
intramedullary rod 14 and platform 12 so that platform 



12 is perpendicular to the mechanical axis of the femur 
by rotating knob 16 relative to housing 18. The rotation 
of knob 16 causes coupler 19 to rotate within cam 15. 
Cam 15 is rotationally fixed relative to housing 18 and 
coupler 19 is longitudinally fixed relative to housing 18. 
Therefore, when knob 16 rotates coupler 19, the thread- 
ed engagement between coupler 1 9 and cam 15 causes , 
the cam to longitudinally shift within housing 1 8. The lon- 
gitudinal movement of cam 15 causes a cam surface 
140 of cam 15 to press against a cam surface 138 on 
rod 14 thereby causing rod 14 to rotate about pin 136 
thereby angulating rod 14 relative to platform 12. Indicia 
may be provided on knob 16 to indicate to the surgeon 
the relative angle between the rod and platform. 
[00B1 ] AP alignment guide 30, shown isolated in Figs. 
8 and 9, includes a body 31 having a plurality ol fingers 
39 extending therefrom. The innermost pair of fingers 
are adapted for accommodation within the spaces cre- 
ated by legs 13 of alignment guide 10 (see Figs. 2 and 
6). An inverted T-shaped channel 38 extends in a me- 
dial-lateral direction adjacent an anterior edge of the AP 
alignment guide as illustrated. An inverted T-shaped 
block is slidably accommodated within channel 38 and 
includes an arm 32 adapted to extend in the direction of 
the proximal end of the femur (see Fig. 2). A posteriorly 
extending projection 34 extends from arm 32. A tab 40 
extends transversely from the distal end of each of the 
outermost fingers 39 and includes an ovoid opening 42. 
Similarly, a tab 40 extends from the medial and lateral 
edges adjacent the anterior edge of body 31 and in- 
cludes an ovoid opening 42 as illustrated. Each tab 40 
includes a channel 46 for accommodation of the femoral 
bases 50 therein. A set screw 44 having an enlarged 
head is accommodated within a threaded bore in block 
38. Screw 44 may be rotated into engagement with the 
bottom wall of T-channel 36 to temporarily fix the block 
from movement within the channel. An opening 47 is 
formed adjacent the medial and lateral edges of align- 
ment guide 30 between the body 31 and finger 39. The 
outermost side walls 48 of openings 47 are inclined in- 
wardly and angled posteriorly so as to form a ramp-like 
structure for engagement by the locking mechanism 52 
of femoral base 50. 

[0062] The femoral base 50 of the invention is illus- 
trated in Figs. 2-5 and 10-1 3 with an alternative embod- 
iment illustrated in Fig. 14. In practice, two femoral bas- 
es 50 are required; however, only one need be de- 
scribed here as the two bases in use are simply mirror 
images of one another. Femoral base 50 includes a 
body 56 defining a substantially flat anterior distal sur- 
face 58 and a substantially flat posterior distal surface 
60. The body 56 is curved slightly such that the surfaces 
58 and 60 are not in the same plane. Locking mecha- 
nism 52 is situated between surfaces 58 and 60 and in- 
cludes a bore extending transversely through the body, 
a cam bar 53 extending through the bore and a handle 
51 connected to an end of bar 53 which extends laterally 
from the body. The medial end of the cam bar 53 in- 
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eludes a small cam 55 extending transversely to the cam 
bar. A portion of cam bar 53 is removed to form a relief 
57 adjacent the cam 55. An ovoid protuberance 62 ex- 
tends in a distal direction from posterior distal surface 
60 and a semi-circular protuberance 63 extends in a dis- 
tal direction from the anterior distal surface 58 as illus- 
trated in the drawings. As mentioned earlier and as il- 
lustrated in the drawings, femoral base 50 includes a 
plurality of openings 54. Three openings 54 are posi- 
tioned anteriorly and three are positioned posteriorly on 
the body 56. As illustrated best in Figs. 11 and 12, the 
anterior openings 54 are angled such that a screw pass- 
ing therethrough is directed proximally and posteriorly 
within the bone. The posterior openings 54 are angled 
such that a screw passing therethrough is directed prox- 
imally and anteriorly within the bone. Therefore, if 
screws are inserted through at least one anterior open- 
ing and at least one posterior opening on the body 56, 
the screws converge toward each other to thereby se- 
curely lock the femoral base 50 to the bone. Preferably, 
the diameter of the shaft of the screw passing through 
the body opening should closely match diameter of the 
openings 54 to assist in the mechanical interlock being 
formed. 

[0063] The operation of the locking mechanism 52 is 
illustrated in Fig. 13. As mentioned, mechanism 53 in- 
cludes a relief 57 and a cam 52 formed in cam bar 53 
which is rotatable relative to body 56. Connecting and 
disconnecting the base 50 with locking mechanism 52 
is accomplished in the same manner whether the base 
is being connected to AP alignment guide 30 or milling 
guide 80 and will therefore only be described in relation 
to AP guide 30. To connect a base 50 to AP guide 30, 
the protuberances 62, 63 are aligned and seated within 
ovoid openings 42 of a pair of tabs 40. To permit the 
base 50 to fully seat against the tabs 40 : cam bar 53 is 
slid in a direction away from the AP guide 30. To lock 
the base to the guide, cam bar 53 is rotated using handle 
51 until the relief 57 is facing the AP guide 30. Bar 54 is 
slid toward the AP guide 30 until the cam 55 is in general 
alignment with opening 47 of the AP guide. The bar 53 
is then rotated such that cam 55 enters opening 47 and 
contacts the inclined wall 48. Continued rotation causes 
cam 55 to press against the inclined wall 48 to thereby 
clamp the base 50 to the AP guide 30. To disengage 
base 50 from the guide, the cam bar 53 is rotated such 
that the cam 55 moves away from the inclined wall 48. 
[0064] An alternative embodiment of the locking 
mechanism is illustrated in Fig. 1 4. In the alternative em- 
bodiment, locking mechanism 52' includes a screw 64 
threadably accommodated by base 50 and including at 
one end a smooth conical tip 65 and a knob 66 at the 
other end. The guide 30' includes an opening 47' which 
includes an inclined wall 48'. In use, to lock the guide 
30' to base 50', screw 64 is rotated until its conical tip 
65 contacts the inclined wall 48" to clamp guide 30' be- 
tween the tip 65 and base 50'. 

[0065] A milling device 150 for use with the femoral 



milling guide 80 is illustrated in Figs. 18 through 20 in 
association with a portion of guide 80. Milling device 1 50 
includes a driver, a generally cylindrical housing 1 54 and 
being connected to an external energy source (not 

s shown) by cord 156. As is well known in the industry, 
the external energy source could be pressurized gas or 
an electrical power source. The end of the housing ter- 
minates in a bobbin-shaped nose portion 158 as illus- 
trated more clearly in Fig. 22. The bobbin shape ol the 

10 nose portion 158 defines a predetermined spacing 160 
between plate 1 62 and the end 1 64 of the housing which 
are interconnected by a tubular shaft 166. A burr 168 
having a shaft 170 is attached to the milling device 150 
using a known chuck to securely clamp the burr to the 

75 device 150. Milling device 150 rotates burr 168 in use. 
Burr 168 may also be referred to as an end cutter and 
has a end face which is substantially perpendicular to 
the burr shaft. A sleeve 172 is carried by housing 154 
and is slidable longitudinally along the housing between 

20 an extended position as illustrated in Fig. 18 and a re- 
tracted position as illustrated in Fig. 20. Sleeve 172 is 
generally cylindrical and shaped to frictionally engage 
the outer surface of the housing 1 54. An annular rib 1 74 
is formed adjacent one end for seating within an annular 

25 groove 1 52 on housing 1 54 as illustrated in Fig. 1 8. Rib 
1 74 and groove 1 52 combine to form a detent to Iriction- 
ally retain the sleeve in the extended position of Fig. 18. 
When the sleeve is retracted, the end adjacent the rib 
174 yields slightly as illustrated; therefore, one or more 

30 slots may. be formed in the sleeve to prevent its breaking 
when in a retracted position. A pair of shoulders 176 ex- 
tend outwardly from the cylindrical portion of sleeve 172 
adjacent one end and each includes a protrusion 178 
extending parallel to the longitudinal axis of the sleeve. 

35 [0066] In use, sleeve 172 serves two functions. Fore- 
most is safety. Before the milling device is seated on 
guide 80 : the surgeon and other operating room person- 
nel are protected from the sharp edges of the burr by 
sleeve 172 in its extended position. The sleeve 172 also 

40 serves to align the milling device 150 and burr 168 for 
a plunge cut into the bone's surface. As mentioned ear- 
lier in the description of milting guide 80, the slots 90, 
96, 1 02, and 1 08 of the guide each include arcuate por- 
tions 92, 98, 104, and 112 respectively. These arcuate 

45 portions or interruptions in the slots permit the milling 
device and burr to be inserted perpendicular to their re- 
spective walls. Sleeve 172 provides proper alignment 
between the arcuate sections and the burr so that as the 
burr rotates around its shaft and is lowered into milling 

50 engagement with the bone, the burr does not contact 
the guide. This alignment is accomplished by position- 
ing protrusions 178 in the various through bores formed 
adjacent the arcuate portions of the slots. For example, 
referring to Fig. 18, protrusions 1 78 are positioned within 

ss through bores 100 so that the burr 168 is aligned with 
arcuate interruptions 98 of slot 96. Once properly 
aligned, the surgeon activates milling device 150 to ro- 
tate burr 168 and then gently pushes the milling device 
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in the direction of arrow 151 . Pushing the milling device 
150 in the direction of arrow 151 unseats rib 174 from 
groove 1 52 thus allowing the burr be lowered into milling 
engagement with the bone as shown in Fig. 1 9. Also of 
importance at this point, it should be noted that the nose 
portion 1 58 of the milling device is aligned with the guide 
BO such that the walls forming the slot are captured be- 
tween plate 162 and end 164. To permit the milling de- 
vice and burr to be guided by the surgeon over the entire 
length of the slot, the sleeve 1 72 is pulled in the direction 
of arrows 153 by the surgeon to disengage the protru- 
sions from the through bores as illustrated in Fig. 20. 
With the sleeve in the retracted position of Fig. 20, the 
surgeon may guide the milling device along the slot for 
milling the entire surface of the bone. As mentioned, the 
bobbin shaped nose portion 158 of the milling device 
engages the slots to ensure that the milling device and 
burr are maintained substantially perpendicular to the 
particular wall of the milling guide 80. Maintaining the 
perpendicular relationship is vital to provide a very flat 
milled surface to accommodate the implant. A perspec- 
tive view of the nose portion 158 of the milling device is 
illustrated in Fig. 22 in isolation. 
[0067] Fig. 21 illustrates a protective sheet 180 which 
may be used during surgery to contain the particulate 
debris formed by milling the bone to the surgical site. 
Sheet 180 is translucent so that the surgeon's view of 
the milling process is not interrupted. The sheet may 
have an external periphery of a number of shapes and 
includes a central opening to accommodate the cord 
156 of milling device 150. Preferably, the sheet 180 is 
very limp and conforms easily to its surroundings to en- 
trap as much of the bone debris as possible. In use, the 
surgeon's hands are positioned under sheet 18 and are 
grasping the milling device 150. Therefore, the sheet 
180 provides a barrier to prevent debris from escaping 
the surgical site but does not create an impediment to 
the surgeon during the surgical procedure. The sheet 
180 is positioned on the milling device 150 before the 
removable cord 156 is connected to the housing 154. 
[0068] Depending on the type of femoral implant to be 
accommodated by the femur, the surgeon may be re- 
quired to form a notch in the distal end of the resected 
bone. Typically this is required to accommodate im- 
plants referred to as constrained condylar knees and 
posterior stabilized knees. In these instances, generally 
the posterior and/or anterior cruciate ligaments of the 
knee are not functioning properly or have been removed 
as determined by the surgeon. The implant is therefore 
required to replace the functions of the ligaments. To do 
so, it is common for the femoral implant to include some 
type of protrusion which extends upwardly from the tibial 
plate and into the femur. To accommodate such an im- 
plant, a notch must be formed in the distal femur. 
[0069] Notch milling guide 180, illustrated in Figs. 
23-28, is provided with the instrument set of the inven- 
tion and includes sides 182, 184 which are shaped to 
conform with the upper surfaces of bases 50 and have 



openings 1 86 for accommodating protuberances 62, 63 
of the bases. A bar 1 88 extends between the anterior 
most ends of sides 1 82, 184 and a bar 190 extends be- 
tween the posterior most ends of sides 1 82, 1 84 to main- 
s tain the sides in a spaced relationship as illustrated. A 
guide body 192 is carried by bars 188, 190 and is shift- 
able on the bars between sides 182, 184. Guide body 
1 92 includes a pair of tabs 1 94 which extend in opposi- 
tion to each other. Tabs 1 94 are provided for engage- 
ment with conical tips 65 of screw 64 as carried by the 
femoral base 50 illustrated in Figs. 14 and 24. Body 192 
further includes a closed end slot 196 extending poste- 
riorly. Slot 1 96 is configured to accommodate the bobbin 
shaped nose portion 158 of the milling device 150 in a 
similar manner as is illustrated in Figs. 18-29. A series 
of slots 198 are formed adjacent the posterior edge of 
body 192 and adjacent bar 190 as illustrated in Fig. 26. 
Slots 1 98 are configured to accommodate an oscillating 
saw blade (not shown) for the resection of the posterior 
condyles 9 (see Fig. 25). In use: the surgeon places 
notch milling guide 1 80 on bases 50 and slides the guide 
body 192 medially and laterally on bars 188, 190 until 
an equal amount of the femur can be seen on each side 
of guide body 1 92 (see Fig. 28). This allows the surgeon 
to place the notch in the desired location relative to an- 
atomical landmarks. Screws 64 are then turned until the 
conical tip 65 of each screw contacts a tab 194. The 
screws are then tightened against the tabs. Each screw 
64 places a lateral force on a tab 194 in the direction of 
the other screw 64. Therefore, with each screw 64 tight- 
ened, guide body 192 is secured against a medial-lat- 
eral movement along bars 188, 190. After the guide 
body is secured, the surgeon mills a notch in the distal 
end of the femur by using the milling device of Figs. 
1 8-20 in a similar manner as described earlier. The bob- 
bin shaped nose portion 1 58 of milling device 1 50 is ac- 
commodated by slot 1 96 to guide burr 168 in an anterior- 
posterior direction. With burr 168 rotating, a slot (not 
shown) is formed in the distal end of the resected femur. 
[0070] Finally, with the notch milling guide 1 80 still at- 
tached, as described above, the surgeon resects the 
posterior condyles 3 with the use of a known oscillating 
saw and blade (not shown). The blade is accommodat- 
ed within an aligned pair of laterally aligned slots 198. 
As illustrated, multiple pairs of laterally aligned slots 1 98 
are provided to allow the surgeon to choose how much 
of the posterior condyles should be removed. 
[0071] Once the posterior condyles have been re- 
moved, the milling of the distal femur is now complete 
and the femoral bases 50 may be removed by removing 
tapered bone screws 70. Typically, the surgeon at this 
point will use a provisional implant to check the fit of the 
milled bone with the implant and the knee joint is eval- 
uated for a proper anatomical set up as determined by 
the surgeon. The surgeon may determine that in order 
to receive an optimum result, additional bone should 
milled from the femur. Such remilling requires the milling 
instruments to be aligned relative to the existing milled 



is 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP 1 084 680 A2 



14 



surfaces. 

[0072] If remilling is required by the surgeon, the 
remilling alignment guide 200 of Figs. 29-31 is imple- 
mented in the lollowing manner to reattach the femoral 
bases 50 in alignment with the femur relative to the pre- s 
viously milled surfaces 6 and 8. As illustrated best in 
Figs. 29 and 30, remilling alignment guide 200 includes 
a base 202 having an inclined anterior wall 204 which 
forms an obtuse corner 206 at its junction with base 202. 
As illustrated, corner 206 closely matches the angle 
formed by anterior chamfer surface 6 and distal surface 
8 formed by the initially milling procedures as described 
above. This provides a precise alignment between the 
femur and the alignment guide 200. A projection 208 ex- 
tends from inclined anterior wall 204 as illustrated. A 
housing 210 extends integrally from base 202 and in- 
cludes a rectangular slot 212 and a plurality of through 
bores 214 as illustrated best in Fig. 29. Through bores 
214 extend through base 202 and are provided to ac- 
commodate fastening devices such as screws or pins 
(not shown). The distance between wall 213 of slot 212 
and the bone contacting surface 203 of base 202 is a 
predetermined distance M h u (see Fig. 20) and defines the 
amount of additional bone stock to be removed during 
the remilling procedure. As will be seen by decreasing 
the distance h, for example, by making base 202 thinner, 
the amount of bone to be removed is increased. Con- 
versely, by increasing the thickness of the base 202 and 
thereby distance h, the amount of bone stock to be re- 
moved will be reduced. Alignment guide 200 is centered 
on the femur so that an equal amount to the femur is 
visible on the medial and lateral sides of the guide. 
Guide 200 may be secured in place by two or more pins 
or screws (not shown) accommodated by through bores 
214. 

[0073] After the remilling guide is aligned and at- 
tached to the femur as described above, the femoral 
bases 50 as used and described in detail earlier are re- 
connected to the AP alignment guide 30 which has also 
been described in detail previously in the specification. 
AP alignment guide 30 is slid on to remilling guide 200 
with fingers 39 accommodated within the rectangular 
slot 212 of the remilling guide. With the AP alignment 
guide fully seated on the remilling guide (as illustrated 
in Fig. 31), the surgeon inserts a plurality tapered bone 
screw 70 to secure femoral bases 50 to the femur in the 
manner described previously. Once the bases are se- 
cure, the locking mechanisms 52 are disengaged to re- 
lease the AP alignment guide and remilling guide which 
are then removed leaving only femoral bases 50 con- 
nected to the milled femur as illustrated in Fig. 32. From 
this point on, remilling of the femur is accomplished in 
exactly the same manner as described earlier using 
femoral milling guide 80 and notch milling guide 1 80 pre- 
viously described. Since the reference points for these 
milling guides are bases 50. which were reconnected 
with reference to the milled surfaces by remilling guide 
200, the amount of bone removed during remilling is de- 



termined by the remilling guide as mentioned earlier. 
[0074] As an alternative to milling the bone using the 
various milling guides described above, the instrument 
set of this invention provides the surgeon the option of 
connecting a cutting guide to the femoral bases to resect 
the bone using a standard cutting device such as an os- 
cillating powered surgical saw (not shown). The five in 
one cutting guide 220 of the instrument set of the inven- 
tion is illustrated in Figs. 33 through 37 and includes a 
body 222 including a slight bend therein as shown. A 
pair of tabs 224 extend from the medial and lateral edg- 
es of body 222 and include openings therein for accom- 
modating the protrusions 62, 63 from femoral bases 50. 
A recess is formed in the medial and lateral sides of the 
body 22 for accommodating the conical tip 65 of the al- 
ternative locking mechanism 52' for base 50. A slot 226 
is formed in body 222 inclined so as to guide a saw blade 
along the path illustrated by broken line 227 for resection 
of the distal surface of the femur. Slot 228 is formed in 
body 222 inclined so as to guide a saw blade along the 
path illustrated by broken line 229 for resection of the 
anterior condyle. A slot 230 is formed in body 222 in- 
clined so as to guide a saw blade along the path illus- 
trated by broken line 231 for forming a posterior cham- 
fered surface. A slot 232 is formed in body 222 inclined 
so as to guide a saw blade along the path illustrated by 
broken line 233 for forming an anterior chamfered sur- 
face. Finally, a pair of aligned slots 234 are provided in 
base 222 for guiding a saw blade along the path illus- 
trated by broken line 235 lor the resection of the poste- 
rior condyles. In use, the surgeon establishes the fem- 
oral bases 50 in the same manner as described above 
with reference to the milling guides of the invention. 
However, instead of connecting the femoral milling 
guide 80 to the bases, the surgeon attaches the five in 
one cutting guide 220 to the bases. With the cutting 
guide connected to the bases, the surgeon inserts a 
blade through each slot to make all the cuts necessary 
for placement of a prosthetic knee without ever moving, 
shifting or otherwise reorienting or changing the five in 
one cutting guide. By making all the cuts necessary with- 
out changing guides, the relative precision between the 
cuts made can be more precisely controlled thus leading 
to a better fitting implant. 

[0075] Once the surgeon has resected the femur us- 
ing the five in one cutting guide, it is typical that a pro- 
visional implant will be used to determine fit of the total 
implant. If the surgeon determines that additional bone 
should be removed to optimize the fit of the implant, the 
remilling guide 200 and AP alignment guide 30 is used 
to reestablish the lemoral bases 50 in the same manner 
as described above. The cutting guide 220 is then reat- 
tached to the bases and the femur is re-cut. 
[0076] It should be understood that the invention is 
not to be limited to the precise details above but may be 
modified within the scope of the appended claims. 
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Claims 

1 . A milling guide for connection to an exposed end of 
a bone for guiding a milling device along the bone 
to mill away portions of the bone for accommodation s 
of an orthopaedic implant, said guide including a 
plurality of walls positioned adjacent the exposed 
end of the bone, each of said walls including a slot 
therein for accommodating a milling device. 



The milling guide of Claim 1 wherein said guide is 
generally C-shaped such that said walls are posi- 
tioned adjacent anterior and distal surfaces of the 
bone. 
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3. The milling guide of Claim 1 wherein said walls of 
said guide cooperate with a milling device to mill an- 
terior, anterior chamfer, posterior, and posterior 
chamfer surfaces on the bone for accommodation 

of an implant. 20 

4. A milling device for milling portions of the end of an 
exposed bone, said milling device for accommoda- 
tion with a guide having at least one slot defined by 
substantially parallel sides having a predetermined 25 
thickness, said milling device having a housing ter- 
minating in an end, said end including a plate being 
spaced from said end by a hollow cylinder slightly 
greater than said predetermined amount, the milling 
device also includes a burr shaft journaled within 30 
the hollow shaft and a burr carried by said burr shaft 

is adjacent the plate, a motor means connected to 
an energy source and to said burr shaft to rotate the 
burr shaft and burr. 

35 

5. The milling device of Claim 4 including a sleeve car- 
ried by the milling device and being shiftable be- 
tween an extended position about said end and a 
retracted position spaced from the end such that 
said end and the burr are exposed. 40 

6. The milling device of Claim 5 wherein the sleeve 
cooperates with a milling guide to align the burr with 
the milling guide. 

45 

7. A milling guide for making a notch in a bone, said 
milling guide including a body forming a frame and 
a guide slidably carried by the frame, the guide in- 
cluding a slot for accommodating a milling device 

to guide the milling device along the bone for for- 50 
mation of a notch. 

8. The milling guide of Claim 7 including a slot formed 
in said guide generally transverse to the first men- 
tioned slot, the second slot being configured to ac- 55 
commodate a saw blade for resection of a part of 

the bone. 
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